Cerebrosides, mainly glucocerebrosides and galactocerebrosides, are the simplest glycosphingolipids (GLSs) and known to be the biosynthetic precursors of most other GLSs.
In our continuing research on GLSs from echinoderms, a galactocerebroside molecular species (PNC-1) was purified from the starfish Protoreaster nodosus (kobuhitode in Japanese) collected in Okinawa. Reversed-phase HPLC separation of PNC-1 afforded sixteen new galactocerebrosides (3-7, 9-17, 19, 21), along with five known galactocerebrosides (1, 2, 8, 18, 20). Further, we developed one-pot GC-MS analysis for cerebrosides which consist of phytosphingosinetype long chain base (LCB). Generally, the trimethylsilyl (TMS) derivatives of LCB are used for GC-MS analysis and give a useful structural information, 5) however, the preparation of phytosphingosine-type LCB from the parent cerebroside is in a quite low yield and not quantitative, because the glycosidic linkage between sugar and LCB is hard to cleavage against methanolysis. One-pot reaction following mathanolysis and periodate oxidation, and subsequent GC-MS analysis gave efficient structural information. In this paper, the isolation and structure elucidation of galactocerebroside molecular species (PNC-1) and constituent cerebrosides (1-21) of PNC-1 from the starfish Protoreaster nodosus are described.
Isolation and Structure of PNC-1 The lipid fraction, obtained from CHCl 3 /MeOH extract of pyloric caeca, which was dissected from the fresh material of the starfish P. nodosus, was subjected to repeated silica gel, reversed-phase and Sephadex LH-20 column chromatography to give a less polar GLS, named PNC-1, showing a single spot on silica gel TLC plate.
The positive ion FAB-MS spectrum of PNC-1 exhibited a series of homologous pseudomolecular ion peaks [MϩNa] Table 1) .
The ceramide moiety of PNC-1 was determined to be composed of phytospingosine-type long chain base (LCB) and a-hydroxy fatty acid on the basis of extensive 2D NMR analysis. In the correlation spectroscopy (COSY) spectrum, the nitrogenous methine signal [ 2 -6) ] in the total correlation spectroscopy (TOCSY) spectrum. Thus, a structural fragment from H 2 -1 to H 2 -6 was established, suggesting the LCB of ceramide was phytosphingosine-type. Analysis of COSY and TOCSY spectra revealed another structural fragment (H-2Ј to H 2 -4Ј) in the fatty acid part of ceramide. H-2Ј (d H 4.52) signal showed a heteronuclear multiple-bond correlation spectroscopy (HMBC) cross peak with the amide carbon signal [d C 175.7 (C-1Ј)], indicating the presence of a-hydroxy fatty acid. Further, H-2 (d H 5.18) signal in LCB showed a cross peak with amide carbon (C-1Ј), and the ceramide moiety was depicted as shown in Fig. 1 .
Identification of the compositions of fatty acid and LCB of ceremide moiety was conducted by GC-MS analysis following methanolysis and periodate oxidation of PNC-1 (see Experimental). The mixture of fatty acid methyl esters (FAMEs) obtained from methanolysis and a mixture of long chain aldehydes generated by periodate oxidation were simultaneously subjected to GC-MS, which revealed five FAME components (Table 2 , Fig. 2 ) and seven long chain aldehyde (LCA) constituents ( [6] [7] [8] and the isomers with normal-, isoand anteiso-terminal methyl groups could be identified by the fragmentions M-15 for iso-, and M-29 for anteiso-, neither of which was detected in the mass spectra of normalLCAs. [9] [10] [11] Although the ratio of anteiso-type LCB was estimated to be 13.5%, the 13 C-NMR signals due to anteisoterminal methyl groups was not confirmed.
The monosaccharide moiety of PNC-1 was determined to be b-galactopyranose according to the following evidences. [%]
normal-t18:0 6.8 13-Methylpentadecanal (anteiso-C16) anteiso-t19:0 8.8
a) The chain length and number of double bonds are denoted with the prefix 't' to designate trihydroxy bases (phytosphingosine).
The anomeric proton signal [d H 4.82 (H-1Љ)] were used in the analysis of the COSY and TOCSY spectra as the starting point for the sequential assignment of all the protons in the sugar moiety. The 2,3) The linkage of the galactopyranose unit to ceramide moiety was examined by HMBC experiment. HMBC correlations from H 2 -1 to anomeric carbon C-1Љ and from anomeric proton H-1Љ to C-1 clearly indicated that the b-galactopyranose unit was linked to C-1 of ceramide moiety (Fig. 1) .
The b-galactopyranose unit of PNC-1 was determined to be D-form according to the method of Hara et al. (see Experimental).
12) The absolute stereochemistry of a-hydroxy fatty acid was determined to be R configuration, because the optical rotator dispersion (ORD) spectra of isolated FAMEs showed the negative single cotton effect curve ([M] 280 ϭ Ϫ5254 for C22).
13) The stereochemistry of LCB was presumed to be 2S,3S,4R, since the 13 C-NMR signals assigned to C-1, C-2, C-3, and C-4 were in good agreement with those of b-D-galactocerebrosides composed of (2S,3S,4R)-phytosphingosines and (2R)-2-hydroxy fatty acid. 2, 3) Therefore, the structure of PNC-1 was determined as shown in Fig. 1 .
Isolation and Structures of Galactocerebrosides 1-21
from PNC-1 Reversed-phase HPLC separation of PNC-1 using a C 18 column showed ten major peaks which were recovered to give ten fractions (PNC-1-1 to PNC-1-10). According to the results of positive ion FAB-MS and GC-MS analysis of their FAMEs and LCAs, four fractions [PNC-1-1 (1), PNC-1-2 (2), PNC-1-9 (20) and PNC-1-10 (21)] were pure compounds. The other six fractions (PNC-1-3 to PNC-1-8) each giving a mixture of FAMEs were further purified by reversed-phase HPLC employing a C 30 column to afford eleven pure galactocerebrosides [PNC-1-3a (3), PNC-1-3b (4), PNC-1-4c (7), PNC-1-5a (8), PNC-1-5b (9), PNC-1-5c (10), PNC-1-6a (11), PNC-1-6d (14), PNC-1-7a (15), PNC-1-7b (16), and PNC-1-8a (17)], along with three pairs of inseparable isomers [PNC-1-4a (5)/PNC-1-4b (6), PNC-1-6b (12)/PNC-1-6c (13), and PNC-1-8b (18)/PNC-1-8c (19)].
The NMR spectra of galactocerebrosides 1-21 were nearly identical with parent molecular species PNC-1, except for the signals of terminal methyl groups in LCBs. According to the structure of terminal methyl in LCB, these twentyone galactocerebrosides could be divided into three categories: normal-LCB (compounds 1, 3, 4, 8, 9, 10, 15, 16,  20) ; iso-LCB (compounds 2, 5, 7, 12, 14, 18) ; anteiso-LCB (compounds 6, 11, 13, 17, 19, 21) . The heteronuclear single quantum coherence (HSQC) spectrum of 3 which consists of Table 1 ). The HSQC experiment is efficient to discriminate the terminal methyl in LCB. GC-MS analysis of FAME obtained from methanolysis revealed the length of fatty acid of every compound. The structure of the LCB of each compound was deduced by GC-MS analysis following periodate oxidation. Since compounds 1-21 were isolated from parent molecular species PNC-1, their stereochemistries were presumed to be the same as PNC-1. Therefore, the structures of compounds 1-21 were determined as shown in Fig. 4 .
Sixteen compounds (3-7, 9-17, 19, 21), to the best of our knowledge, are new galactocerebrosides. The structures of 1, 2, and 18 are the same as those of galactocerebrosides S-2b-2, S-2b-4, and S-2-16, isolated from the starfish Stellaster equestris.
2) Compounds 8 and 20 have been identified from bovine kidney and other mammalian tissues. 14, 15) The absolute configuration of the secondary methyl in anteiso-LCB has not been determined in this study.
Experimental
Optical rotation was measured with a Jasco Dip-370 digital polarimeter at 25°C. ORD spectra were measured with a Jasco J-720W spectropolarimeter at 22°C. NMR spectra were recorded on a Varian INOVA 600 spectrometer. Positive-ion FAB-MS spectrum was acquired with a Jeol JMS-SX102 mass spectrometer (xenon atom beam; matrix, m-nitrobenzyl alcoholϩNaCl). Fraction 2 (1.8 g) Table 1 .
Preparation of FAMEs and LCAs of PNC-1 PNC-1 (2.0 mg) was heated with 5% HCl/MeOH (2.0 ml) in a sealed tube at 80°C for 2 h. The reaction mixture was diluted with MeOH (3.0 ml) and extracted with nhexane, and the extract was concentrated in vacuo to give a mixture of FAMEs One-Pot Reaction of PNC-1 PNC-1 (ca. 0.1 mg) was heated with 5% HCl/MeOH (0.2 ml) in a sealed tube at 80°C for 2 h. The reaction mixture was neutralized with Ag 2 CO 3 and dried in vacuo. The resiude was dissolved in CH 2 Cl 2 (0.1 ml), added silica gel-supported NaIO 4 reagent (ca. 0.2 mg), and vigorously stirred at room temperature. After 30 min, the reaction mixture was extracted with n-hexane, and the extract was concentrated in vacuo to give a mixture of FAMEs and LCAs. Isolation of Galactocerebrosides 1-21 from PNC-1 HPLC separation of PNC-1 (Cadenza CD-C18 column; flow rate: 1.0 ml/min; solvent: MeOH) showed ten major peaks (PNC-1-1 to PNC-1-10). PNC-1 (30.0 mg) was subjected to HPLC, according to the above conditions. As a result, four peaks (PNC-1-1, PNC-1-2, PNC-1-9 , PNC-1-10) were collected and recov- Compounds marked with the same superscripts were isolated together as an inseparable mixture.
GC-MS Analysis of FAMEs and LCAs from PNC-1
ered to afford four galactocerebrosides: PNC-1-1 (1, 2.8 mg) , PNC-1-2 (2, 3.5 mg), PNC-1-9 (20, 0.4 mg) and PNC-1-10 (21, 0.4 mg). The other six peaks (PNC-1-3, PNC-1-4, PNC-1-5, PNC-1-6, PNC-1-7 and PNC-1-8) were recovered and each further purified on a Develosil C30-UG-3 column (flow rate: 1.0 ml/min, solvent: MeOH) to yield fourteen galactocerebrosides: PNC-1-3a (3, 1.6 mg), PNC-1-3b (4, 0.9 mg), PNC-1-4c (7, 1.8 mg), PNC-1-5a (8, 0.7 mg), PNC-1-5b (9, 1.5 mg), PNC-1-5c (10, 0.8 mg), PNC-1-6a (11, 0.8 mg), PNC-1-6d (14, 2.0 mg), PNC-1-7a (15, 0.4 mg), PNC-1-7b (16, 0.6 mg), PNC-1-8a (17, 0.5 mg), along with three inseparable mixtures: 2.9 mg of PNC-1-4a (5) and PNC-1-4b (6), 1.9 mg of PNC-1-6b (12) and PNC-1-6c (13) . The FAME and LCA of the inseparable mixture of 5 and 6 were analyzed as described for PNC-1. The FAME was characterized as methyl 2-hydroxytricosanoate, whereas the LCA was determined to be a mixture of 13-methyltetradecanal and 12-methyltetradecanal (at a ratio of 85 : 15).
PNC-1-4c (7) Table 1 . The FAME and LCA of 7 were analyzed as described for PNC-1. Methyl 2-hydroxytricosanoate and 12-methyltridecanal were detected.
PNC-1-5a (8) . The FAME and LCA of the inseparable mixture of 5 and 6 were analyzed as described for PNC-1. The FAME was characterized as methyl 2-hydroxytricosanoate, whereas the LCA was a mixture of 13-methyltetradecanal and 12-methyltetradecanal (at a ratio of 9 : 1).
PNC-1-6d (14) . The FAME and LCA of the inseparable mixture of 18 and 19 were analyzed as described for PNC-1. The FAME was characterized as methyl 2-hydroxytetracosanoate, whereas the LCA was determined to be a mixture of 13-methyltetradecanal and 12-methyltetradecanal (at a ratio of 9 : 1).
PNC - Table 1 . The FAME and LCA of 21 were analyzed as described for PNC-1. Methyl 2-hydroxytetracosanoate and 13-methylpentadecanal were detected.
